Researchers generally place the most trust in peer-reviewed, published information, such as journals and conference papers. By contrast, software engineering (SE) practitioners typically do not have the time, access or expertise to review and benefit from such publications. As a result, practitioners are more likely to turn to other sources of information that they trust, e.g., trade magazines, online blog-posts, survey results or technical reports, collectively referred to as Grey Literature (GL). Furthermore, practitioners also share their ideas and experiences as GL, which can serve as a valuable data source for research. While GL itself is not a new topic in SE, using, benefitting and synthesizing knowledge from the GL in SE is a contemporary topic in empirical SE research and we are seeing that researchers are increasingly benefitting from the knowledge available within GL. The goal of this chapter is to provide an overview to GL in SE, together with insights on how SE researchers can effectively use and benefit from the knowledge and evidence available in the vast amount of GL.
Introduction
Scientists generally place the most trust in peer-reviewed, published information, such as journals and conference papers, according to Institute for Work & Health (2019) . By contrast, software practitioners typically do not have access to peerreviewed publications, or the time or expertise to read such publications. As a result, practitioners are more likely to turn to other sources of information that they trust, e.g., trade magazines, online blog-posts, question-answers sites, survey results or technical reports, collectively referred to as Grey Literature (GL) , as mentioned in a technical report by the Institute for Work & Health (2019) . Furthermore, practitioners also share their ideas and experiences as GL, which can serve as a valuable data source for research. Indeed, Devanbu et al. (2016) and Rainer et al. (2003) both found that practitioners most trust their peers, particularly local experts. This situation can lead to various negative outcomes for research, e.g., the limited quality and quantity of communication between researchers and practitioners as reported by Garousi et al. (2019) , and the limited relevance and applicability of many research papers when applied into industrial settings.
In an online article by the University of New England (2019), it is mentioned that: "Much grey literature is of high quality. Grey literature is often the best source of up-to-date research on certain topics, such as rural poverty". We wonder about the comparable situation in software engineering (SE) . As examples, there is a book by Brooks (1995) , entitled The Mythical Man-Month, and also another book by DeMarco and Lister (2013) , entitled Peopleware. While both of these books formally belong to the GL, since they are books, and, yet, they are highly-cited in SE research.
We and many researchers, e.g., Elliott (2019) , share the opinion that: "if used with care, grey literature can open up valuable additional sources of information for researchers". Furthermore, according to a paper by Farace (1997) , the growth rate of GL was 3-4 times that of conventional peer-reviewed literature. With the major advancement of the internet, we believe that the dissemination rate of GL would be much higher now.
Whilst GL can offer a wealth of additional information for researchers, some of this information being much more current than research, GL should also be treated with caution and cross-checked with other sources. For example, an assessment by the Intergovernmental Panel on Climate Change (IPCC) of climate science in 2007 was subsequently criticized by the Inter-Academy Council (IAC), an umbrella council for science academies. According to Rincon (2010) , the IAC reported that part of the IPCC report contained statements based on little evidence, and the use of GL in that assessment "sparked controversy". There is a great potential for benefitting from grey literature in softwareengineering research.
Other papers put forward bold ideas relating to GL, e.g., Banks (2006) suggested the notions of a "continuum of scholarship" and "the eventual collapse of the distinction between grey and non-grey literature", implying that different types of literature (peer-reviewed and grey) are, or could be, merging into each other.
Over many years, SE research has used a variety of practitioner-generated content in close collaboration with practitioners, e.g., the work by Molléri et al. (2016) on interviews, opinion surveys, project documents; and the work by Sharp et al. (2010) on ethnographies. Garousi et al. (2019) recently suggested the use of GL as a knowledge source in SE research. Papers such as the one by Garousi and Mäntylä (2016) , and Williams and Rainer (2017) . As reported by Garousi et al. (2019) , a large number of SE practitioners write and share technical writings as GL, e.g., in the form of blog-like documents, videos, and white papers. As recent work in SE has shown -e.g., Garousi et al. (2016a) , Rainer (2017) , Williams and Rainer (2017) , and Rainer and Williams (2019) -there is great potential for benefitting from GL in SE research.
Practitioners have shared their ideas and experiences online for many years and thus GL itself is not a recent topic in SE. However, using, benefitting and synthesizing knowledge from the GL in SE is a contemporary issue in SE research and in empirical SE. The goal of this chapter is to provide an overview to GL, together with insights into using and benefitting from the knowledge available in the vast amount of GL in SE research.
The remainder of this chapter is organized as follows. We first review the general concept of GL and provide further background information. We then review the state of GL in SE research, including context, types, diversity and scale of GL in SE research and practice. We then suggest and discuss a selection of approaches for using and analyzing GL in SE research.
The general concept of grey literature
In this section, we provide an overview to the general concept of GL, including different types of GL, and how GL has been conceived and used in other research disciplines.
What is GL and what are its types, in general?
Though there are many definitions of GL in the literature, they are quite similar. The Cochrane handbook for systematic reviews of interventions Lefebvre et al. (2008) defines GL as "literature that is not formally published in sources such as books or journal articles". According to Institute for Work & Health (2019) GL is essentially any document that has not gone through formal peer review for publication. There is an annual conference on GL 1 and an international journal on GL 2 . There is also a Grey Literature Network Service 3 , which is "dedicated to However, the which types of sources are considered as GL depends to some extent on the research discipline. Therefore, models to classify source types into categories of GL are very helpful. There are many models for classifying different categories of GL and GL sources, e.g., the model by Adams et al. (2016) , shown in Figure 1 , stems from the management sciences. This model has two dimensions: (1) expertise and (2) outlet control. Both dimensions run between the extremes "unknown" and "known". Expertise is the extent to which the authority and knowledge of the producer of the content can be determined. Outlet control is the extent to which content is produced, moderated or edited in conformance with explicit and transparent knowledge-creation criteria. Rather than having discrete bands, the gradation in both dimensions is on a continuous range between known and unknown, producing the shades of GL. To emphasize: the figure is not intended to suggest discrete boundaries between the tiers.
The model presented in Figure 1 is comparable with Table 1 , developed by Giustini and Thompson (2010) , that shows the spectrum of the 'white', 'grey' and 'black'. The 'white' literature is visible in both Fig. 1 and Table 1 and indicates that both expertise and outlet control are fully (or at least sufficiently) known. With the examples presented in Table 1 , GL corresponds mainly to the 2 nd tier in Figure 1 , with moderate outlet control and expertise.
'Black' literature are at the low-end of both the outlet control and credibility spectrums. Blogs, but also emails and tweets, mainly refer to ideas, concepts or thoughts that are not peer reviewed by any 'outlets'. They are typically in the 3 rd tier of the model presented in Figure 1 . We noted earlier that there are "shades" of grey in the classifications given in Fig. 1 and Table 1 and, depending on the degree of peer-review during the process of creating the item of GL, a specific item of GL can be in different tiers of Figure  1 . For example, in a GL review study of micro-services, Soldani et al. (2018) 3 rd tier 2 nd tier 1 st tier 'White' literature identified 20 blog posts for further analyses, using a quality checklist to identify the higher-quality GL. As a contrasting example that analyzed the types, frequencies, and findability of inter-disciplinary GL, Marsolek et al. (2018) treated conference papers as GL. This is because, in some disciplines, conferences accept all submitted papers with no peer review. However, in SE research at least, the highly ranked conferences have established peer review processes to select submitted papers for publication in a similar process to journals. Thus, the SE research community does not in general treat conference papers as GL.
Grey literature sources can be classified according to the two dimensions: expertise and outlet control. Expertise is the extent to which the authority and knowledge of the producer of the content can be determined. Outlet control is the extent to which content is produced, moderated or edited in conformance with explicit and transparent knowledge-creation criteria.
As further contrasting examples, MSc and PhD theses are often reviewed by several examiners, and therefore are also often peer reviewed. Also, in most software companies who intend to share technical reports or white papers online, such documents are almost always reviewed to some degree by peers, and therefore such publications could be considered as peer-reviewed literature. The peer review process for technical documents differs to the peer review of academic publications, however. For example, academic peer-review is often done anonymously by reviewers who are independent, with less potential for conflicts of interest. The peer review process is also managed by an independent editor. By contrast, the peer review of technical documents, in practice, may often be undertaken by known colleagues. Thus, in summary, we conclude that what constitutes GL depends on the standards of the respective research discipline.
We also recognize that the rise of social media is increasing the extent of GL in SE. Storey et al. (2014) write of "The (R)Evolution of Social Media in Software Engineering". They illustrate that communication and social media produce data through different channels and this communication evolves over the years. For example, Usenet, Email List, and SourceForge used to be popular but currently tools such as Stack Overflow, Slack, and GitHub dominate. Social media is usually 3 rd level (tier) GL, in Fig. 1 , but some of content sources such as Stack Overflow or Wikipedia can be considered 2 nd level GL as there are informal controls and other people can edit and improve the content. Williams and Rainer (2017) recommend that GL materials "need to be rigorous, relevant, well written and experience based for them to be considered credible to [SE] researchers". Another consideration is that as one lowers the quality threshold, i.e., move from tier 1 to 3 (in Figure 1 ), the amount of available literature grows to enable large-scale quantitative analysis. The scale of this GL is further addressed in Sect. 3.5. Due to the limited control of expertise and outlet in GL, it is important to also identify GL producers. Giustini and Thompson (2010) identified the following GL producers: (1) Government departments and agencies (i.e., in municipal, provincial, or national levels); (2) Non-profit economic and trade organizations; (3) Academic and research institutions; (4) Societies and political parties; (5) Libraries, museums, and archives; (6) Businesses and corporations; and (7) Freelance individuals, i.e., bloggers, consultants, and Web 2.0 enthusiasts. Marsolek et al. (2018) found that GL was present in the majority (68%) of the subject databases and almost all institutional repositories (95%).
GL in other research disciplines
GL is already established in a number of other research disciplines. Marsolek et al. (2018) examined 118 subject databases used by academic researchers, together with 115 repositories held by North American institutions, which included GL. The databases and repositories covered the arts, business, education, health sciences, humanities, multidisciplinary research, natural sciences, physical sciences and engineering, and social sciences. Grey literature is already established, as a source of knowledge / evidence, in many other research disciplines. Luzi (2000) identified stages in the growth of GL, from its first appearance in the post-war period to its evolution into electronic GL, and analyses a selection of studies and conferences organized up to the 1990s. He also examines the first databases: these transformed the way in which GL was collected and distributed. Luzi's review is of course dated now by about 20 years. In contrast to Luzi's retrospective, Banks (2006) took a more prospective view and considers political and technological aspects for increasing access to valuable GL. For Banks, institutional repositories present an exciting opportunity for both the preservation and retrieval of GL.
Other relevant work includes discussions by Thompson (2001) of ways in which GL in engineering can be acquired and used, and arguments provided by McKimmie and Szurmak (2002) on how grey questions can drive research.
Usage and analysis of GL in the CS research
GL has also received attention in the computer science (CS) research community, e.g., computational linguistics, data and knowledge engineering, information retrieval, database, expert systems. Studies have analyzed the GL data to answer a variety of research questions. For example, Swanson et al. (2014) focused on identifying narrative clauses in personal stories. Their study used 50 personal stories drawn from 5,000 blog posts. Facca and Lanzi (2005) reported a survey on mining "interesting" knowledge from weblogs. Park et al. (2010) analyzed 588 sentences from 6,000 blog posts on WordPress. Kurashima et al. (2009) analyzed 29M blog posts collected using the BlogRanger 2.0 API. In another study, Kurashima et al. (2006) analyzed 62,396 articles from two Japanese blog hosting sites. Finally, Inui et al. (2008) analyzed 50M posts from 150M weblog posts (in Japanese). Bansal et al. (2007) developed BlogScope, a system for analyzing temporally ordered streaming text online. At the time, BlogScope "... track[ed] more than 36 million blogs with more than 837 million posts in the blogosphere... [fetching on average] 14,000 new documents every hour."; a quote from Lakshmanan and Oberhofer (2010) . The service was shut down in early 2012.
Grey literature in software engineering
In this section, we review the state of GL in SE, considering the context, types, diversity and scale of GL.
What is GL in SE?
Based on the two dimensions to classify GL defined in the previous section, i.e., expertise and outlet control, GL in SE can be defined is any material about SE that is not formally peer-reviewed nor formally published. We summarize the concept of GL in SE using a UML context diagram (see Figure 2 ). Grey literature in SE can be defined is any material about SE that is not formally peer-reviewed nor formally published.
At the center of this diagram lies the "Technical information (writing)" class which has two sub-classes: Paper in academic literature, and Artefact in grey literature. A technical information piece is written by one or more Authors and is read by one or more Readers, who are themselves Software Engineers. A Software Engineer has two sub-types: Practitioner, and Researcher. An Artefact in grey literature could be a Blog-like document, or Video, or White-paper, etc. According to Rainer (2017) , an Artefact in grey literature could include Conclusions which in turn may be backed (supported) by Reasoning, Experience, and/or Evidence; and illustrated by one or more Examples. The Practitioner writes an Artefact in grey literature using her/his professional experience of software practice (empirical world).
Scale of the software engineering community: academia vs. industry
To further understand the role and position of GL in SE practice and SE research, we present a high-level view of the community of SE practice versus research. We look at the estimated population of the two communities.
According to a report by Evans Data Corporation (2018) , there were about 23 million software developers worldwide in 2018, and that number is estimated to reach 27.7 million by 2023. According to an IEEE Software paper by Briand (2012) , "4,000 individuals" are "actively publishing in major [SE] journals", which can be used as the estimated size (lower bound) of the SE research community. If we divide the two numbers, we can see that on average, there is one SE academic for every 5,750 practicing software engineers, indicating that the size of the SE research community is very small compared to the size of the SE practitioner community. We visualize the two communities and the current state of collaboration in Figure  3 , which has been taken from the work of . Chapter 18 of this book also presents important concepts about industry-academic collaborations in software engineering.
As visualized in Figure 3 , while there exist established ways to enable knowledge flow from software industry to academia, e.g., interviews, opinion surveys, ethnography, we believe that benefitting from GL materials is another prominent enabler for this. 
Figure 2-A context diagram showing the context of GL in SE

Process of generating the GL content in SE
To better understand the nature of GL in SE, it is also important to characterize the process by which GL content is generated. We depict such a process in Figure 4 which is a simplified version of the ideas presented in Rainer and Williams (2019) . The process presented in the figure is intended only as an illustrative example, not as an accurate descriptive account or a prescription of the processes that should occur. In terms of research, we are interested in what the GL author is able to describe of real-world software engineering practice. These descriptions are obviously filtered through the processes that occur between experiencing and reporting in the model. Many of these processes are internal to the GL author. These internal processes therefore introduce threats to validity relating to subjectivity, and also challenges to research due to the invisibility of these processes. Peer review helps to counteract these threats by independently reviewing the outputs from the internal processes, rather than reviewing the processes themselves. Chapter 15 of this book presents important concepts about systematic assessment of threats to validity in software engineering secondary studies, and some of those ideas can be applied when conducing secondary studies involving GL.
In terms of the internal processes represented in Fig. 4 :  Experiencing is an active engagement between the author and the empirical world. Experiencing can take place at different levels of scope and resolution, e.g., directly experiencing programming in contrast to experiencing the 'behavior' of a software organization. The formation of experience is influenced by prior beliefs and in turn influences those beliefs; and is influenced by self-reflection and reasoning.  Beliefs are defined as conceptions, personal ideologies, worldviews and values that shape practice and orient knowledge. Passos et al. (2011) investigated the role of beliefs in software practice.  Underpinning the processes that occur within the author, the author has the ability to self-reflect (to some degree) and to reason (to some degree) about her or his experiencing, beliefs and reporting. Other peoples' beliefs may influence the author. As noted earlier, Devanbu et al. (2016) and Rainer et al. (2003) have investigated the role of others' beliefs. Figure  4 indicates that, finally, the author reports information that may include some description of their experience of software practice, some expression of her or his beliefs, and some degree of reasoning relating these experiences and beliefs. It is very likely that the information reported will be incomplete in some way(s), which could also be the case for papers written by researchers. 
GL as a source of knowledge and evidence in SE
An emerging view in SE is that a large amount of SE-related information and experience is becoming available, much of it in the GL, and those data need to be more effectively used to solve practical issues and to push SE research forward, e.g., reported by Garousi et al. (2016a) , Rainer (2017) , Williams and Rainer (2017) , and Rainer and Williams (2019) . Lawrence and Giles (1999) observe that this situation occurs in my other disciplines. MacDonald et al. (2007) state that "the problems of awareness [e.g., for using GL in SE research] persist, even though most of the new information is now digitally produced and arguably easier to access. It has been recognized in other disciplines that the diffusion, use, and influence of such GL information are complex and variable processes, e.g., by Farace (1997) . GL has already been recognized as a knowledge source in other research areas, e.g., in medicine, with studies by Chavez et al. (2007) and Pappas and Williams (2011) ; and in earth sciences, with the study by Augusto et al. (2010) . Pappas and Williams (2011) stated that: "Because of the delay between research and publication, and because of the potential that some important research may never be published, access to innovative information is challenging. Grey literature is a tool to fill that void". Garousi et al. (2019) propose one approach to combine knowledge from both GL and published literature: the Multivocal Literature Reviews (MLR). An MLR is a form of a Systematic Literature Review (SLR), which includes the GL in addition to the published literature (e.g., journal and conference papers). MLRs are useful for both researchers and practitioners since they provide summaries of both the state-of-the art and -practice in a given area.
In an MLR on when and what to automate in software testing (abbreviated ManAutoTest MLR in the following) conducted by Garousi and Mäntylä (2016) , the researchers reviewed the formal and grey literature. If GL would have been excluded from the pool of papers, a significant body of experience and knowledge from practicing test engineers on the topic would have been missed. To put this in quantitative terms, we partitioned the synthesis of a major output of that MLR (factors to be considered for deciding when and what to automate in testing) by the type of source where they were mentioned in: either formal or GL, as shown in Figure 5 . As we can see, out of the total of 15 factor categories, GL sources contributed a total of 219 occurrences (instances) while academic sources discussed only 67 occurrences. Furthermore, we can see from the figure that, if we were to not include the GL, two categories (test oracle and development process) would not have been identified in the study. The study demonstrates that GL can be a major source of knowledge and experience. In addition, we extracted in the MLR study a large number of qualitative quotes, related and in support of the factors presented in Figure 5 , e.g., a presentation by IBM engineers expressed: "Main Application has lot of interdependency with other Applications which in turn cannot be automated.", referring to the System Under Test (SUT)-related factors.
Additionally, we found in the ManAutoTest MLR that the type of evidence found in GL were generally either: valid viewpoints, ideas of cause-effect relationships that could be scientifically studied, as well as explanations of why and in what context certain heuristics worked while others did not. We did not however find any sophisticated (hard-core) empirical evidence, such as controlled experiments, in the GL. The stated findings were mostly based on claims and experience. Also, the source of evidence was difficult to identify as the reporting was low quality. Furthermore, we observed in our study that replication of the GL results was not generally possible.
In summary, we can see that the MLR leveraged the readily available GL knowledge on the internet to synthesize the data and answer the important RQs of the MLR study. If no GL data were to be used, the researchers had to conduct interviews, and/or opinion surveys that are often costly and may lead to the same outcomes. Thus, we can see that using GL as a knowledge source can save research costs and also improve research quality.
While GL can be useful as a source of knowledge and evidence in SE research, we raise some caution about how far one can go (scientifically) with GL-based evidence. While such evidence could clearly complement empirical studies in SE, it cannot substitute conventional data gathered in traditional empirical studies. As we will discuss in one of the next sub-sections, there are inherent challenges when using GL in SE research, e.g., the issue of quality-assurance of GL materials. Chapter 16 of this book presents concepts and approaches about evidence aggregation in software engineering, most of which can be applied for aggregation of evidence from GL.
Types of GL in SE
As noted above, there are different types of GL, for example white-papers, blog posts, videos. Within a particular item of GL for SE, there can be considerable variety of content, e.g., a web page can contain text, formatted tables, static images (that may themselves present text or tables), animated images (e.g., GIFs), videos (that again may contain text and tables) and audio. Thus, there is a much greater diversity of types of GL and content within an item of GL compared to academic literature. We list different dimensions of variability in GL materials in Table 2 . 
Scale of GL in SE
It is hard to establish the quantity of general GL available online (without even considering variation in the quality of GL) aside from the challenge of considering the scale of SE-specific GL. Consequently, we briefly report a range of example measures for GL in general and for SE.
Statista, an online market research and business intelligence portal, reported in October 2018 that Tumblr, a popular blog platform, alone has 440m blogs 4 . As of January 2019, WordPress self-reported 5 that: "Users produce about 136.2 million new posts and 77.7 million new comments each month". None of these statistics relate specifically to GL for SE, and it is unlikely that these statistics would report GL hosted on intranets.
Choi maintains a curated list 6 of blogs focusing on SE, classified by type (i.e., company, individual/group, and product/technology). Choi lists approximately 650 blogs, of which approximately 250 are written by individuals. Panji maintains a curated list of 185 software-related corporate blogs 7 , e.g., AutoDesk, BBC, DropBox, Facebook, LinkedIn, Mozilla and NetFlix. Merchant maintains a list of over 50 tech blogs 8 . Abstracta provide a list of 75 blogs and websites on software testing 9 . By contrast, Zalecki maintains a list 10 of software podcasts. He states that he is subscribed to over 100 podcasts, although lists eleven at his site. In their systematic GL review of microservices, Soldani et al. Soldani et al. (2018) observed a "... massive proliferation of grey literature [on microservices], with more than 10,000 articles on disparate sub--topics… ''. Rainer and Williams (2019) reviewed research on the benefits, challenges and research directions for the use of blogs in software engineering research. They identified a number of benefits to the use of blogs. Many of these benefits may apply to the use of GL more generally but we focus here on SE. The benefits are summarized in Table 3 . Table 3 
Benefits of utilizing the GL in SE research
-Benefits of utilizing the GL in SE research, based on Rainer and Williams (2019)
In general, GL materials: 1. provide information on practitioners' contemporary perspectives on important topics relevant to practice and to research, and 2.
promote the voice of practitioners In particular, GL materials (such as blog-like documents) provide (access to) information on the practitioner's:
1. experience and inexperience of theirs' and others' software practice 2.
motivations for that practice 3.
values relating to that practice 4. emotions relating to that practice 5.
beliefs about software practice 6. empirical data from their practice, and 7.
explanations of that practice.
In providing such information, GL materials: 1. help bridge the divide between research and practice 2. complement the research literature by 'filling in gaps' in research, and 3.
help to counteract bias findings, as a result of publication bias in the research literature. GL materials should be considered when Williams and Rainer (2017) :
1. the topic of the research is complex 2.
the topic is not 'solvable' by using only the peer--reviewed research literature 3.
there is a lack of quantity and/or quality of best evidence from research, or a lack of consensus in the research 4.
context is important to the study of the topic 5.
the researcher intends to challenge existing assumptions and findings, either in research or practice, or both 6. a synthesis of practice and research would be valuable to either or both communities; 7.
the researcher intends to consider trends over time, and 8.
the researcher seeks to better understand, assess or demonstrate the impact of research in relation to a particular topic. Methodologically, the use of GL materials in research helps researchers to:
1. assess and address publication bias 2.
compensate for the (un)availability of other sources of evidence 3.
increase research visibility into actual software practice 4.
access harder-to-access practitioners e.g. due to logistics, or demographics 5.
gather information for the research in a non-invasive way 6.
scale-up their research to, or with, larger samples 7.
complement and triangulate with, other sources of data 8.
provide an audit trail of their research, and 9.
replicate each other's study through public access to original data.
Challenges of using GL in SE research
As well as the benefits of using blog posts (identified earlier), Rainer and Williams (2019) also identified a number of challenges to the use of blogs as a type of GL. These challenges were organized into several themes and are summarized here in Table 4 . The appropriate research methods to use with GL materials and content.
Diversity in quality and degree of evidence in GL materials
Since processes for GL are more diverse and less controlled, compared to academic literature, the quality of GL is more diverse and often more difficult to assess. The quality of GL determines whether data from GL or conclusions raised in GL can be used and analyzed (see Sect. 4). Garousi et al. (2019) compiled a quality assessment checklist for GL shown in Table 5 . It contains the criteria of, authority of the producer, methodology, objectivity, date, position with respect to related sources, novelty, impact, and outlet type as well as assessment questions for each criterion. For each type of GL, the relevant quality criteria have to be selected, adapted and finally assessed, which can for instance be done on a two-point Likert scale with values "yes" or "no"; see for example, Garousi et al. (2019) . For instance, the number of online comments to measure the impact only exist for source types open for comments like blog posts, news articles or videos. A highly commented blog post may indicate popularity, but on the other hand, spam comments may bias the number of comments, thus invalidating the high popularity.
How GL can be used / analyzed in SE
The SE research community has started to use the information and evidence from the GL in different ways. Table 6 classifies the SE research community's use of GL. We distinguish in Table  6 different ways of utilizing / analyzing the GL in SE research. The first three types of study concern the use of GL in a primary study, ranging from studies with a specific focus on GL to those studies that only cite GL. The fourth type of study concerns secondary studies i.e., the systematic review of GL. We discuss these types in more detail in the following subsections. Garousi and Mäntylä (2016) 
Review of how GL has been used / analyzed in SE research
Qualitative analysis of GL materials
Many SE researchers are analyzing GL material and answering GL specific research questions even when they do not explicitly acknowledge it. The grey literature can be analyzed both with qualitative and quantitative methods (see next section). With qualitative methods we mean analysis methods where humans read, analyze, and classify GL text in order to produce knowledge. When using a qualitative approach, one can use approaches presented in qualitative research guideline books and articles, e.g., those by Patton (2002) and Cruzes and Dyba (2011) . We can find qualitative works in this area. In some papers, humans analyze and classify the particular GL contents and explore motivations for GL production in software development. Parnin et al. (2013) analyzed why and about what the software developers write blogs. They found that the blogs covered multiple topics such as code and tool tutorials, new releases and enhancement to the products the developers were working with, and general technology discussions for example. Blogging was motivated by personal branding, evangelism and getting feedback, and finally for personal knowledge repository. A study of similar nature was later conducted by MacLeod et al. (2015) on software developers' YouTube videos that found video content was more about technical topics such as development experience, implementation choices and data structures. Videos were also seen as an alternative to blogging and many similar motivations for video creations existed as for blogging. Bajwa et al. (2017) use GL of software start-ups and analyze their business pivots. The authors frame their study as a case study on secondary data that the authors collected from various websites. They find that software start-ups pivot for 14 reasons (triggers) such as negative customer reaction, unable to beat a competitor, and technological challenge. They also find evidence of ten different pivot types such as switching to a different problem and zoom-in where a particular feature becomes the whole product.
There are other studies that use a set of GL materials, but do not survey a large/r set of literature, instead adopting a kind of case-study approach. As one example, Rainer (2017) used argumentation schemes to qualitatively analyze information reported by Joel Spolsky in one of his blog posts, entitled The Language Wars. Rainer formally modelled the integration of argumentation structures and professional experience, and then showed how the arguments and experience can be related to previous research. Rainer's in-depth analyses of one blog post may be understood as a case study to complement the survey-like studies of MLRs and Grey Literature Reviews (GLRs).
Quantitative analysis of GL materials
In the quantitative analysis of GL, research methods range from simple frequency counting to advanced machine learning used for natural language processing such as Rosen and Shihab (2016) topic modeling LDA (Latent Dirichlet Allocation) and Efstathiou et al. (2018) use of word embeddings. Much of the quantitative analyses of GL appears to concentrate around a small number of sources, principally Stack Overflow. This may be because the data is easy to access and relatively well structured. But in addition to StackOverflow, one can find more analyses of blogs, e.g. by Parnin and Treude (2011) , and emails, e.g., by Sharma et al. (2017) , that should offer a more multivocal view. Next, we present a few examples of studies using quantitative analysis of GL. Gruetze et al. (2016) examined topic shifts, by analyzing tags in software development QA-site StackOverflow. The authors showed declining trends in tags like Delphi and Database-Design while increasing trends were found for the programming language "R" and Node.js for example. They also show that automated tagging of posts is improved when the time of the post is considered.
As noted already, Rosen and Shihab (2016) also analyzed StackOverflow but with respect to questions that mobile developers are asking about. They analyse 13 million posts and use LDA to cluster the data. They find that mobile developers ask about "app distribution, mobile APIs, data management, sensors and context, mobile tools, and user interface development".
Quantitative analyses of GL in StackOverflow have also been used to create guidelines of how to create good StackOverflow posts, e.g., by Calefato et al. (2018) . The authors suggest using quantitative analysis that successful StackOverflow questions are: short, have code snippets, do not abuse uppercase letter and have neutral emotional expressions. So the analysis of GL can be used to provide advice on how to write better GL. Sharma et al. (2017) performed quantitative analysis on email discussion in Python language evolution. They collect a data set of over 40,000 emails. They found that technical discussion receives clearly the highest volume of emails over social and process issues. The authors conclude that this shows that Python developers mostly care and are passionate about technical features of the language.
Citations to GL in SE papers
Many papers in SE cite GL materials for different reasons, e.g., to motivate the papers, to use their insights/data, etc. Two example widely-cited GL materials in SE are: (1) A technical report entitled "The economic impacts of inadequate infrastructure for software testing", conducted by Research Triangle Institute (2002) , for the American National Institute of Standards and Technology (NIST), which was cited about 700 times accordingly to Google Scholar (October 2019); and (2) Various editions of the Standish Group's "Chaos" report, e.g., The Standish Group (2019).
We believe that by providing more citations and getting insights form GL in research papers, researchers will contribute to a stronger linkage between industry and academia, as mentioned in Garousi et al. (2016b) and Garousi et al. (2017a) , since readers and follow-up research studies will be encouraged to use more realworld industrial approaches and data.
Systematic reviews using GL sources
Systematic reviews systematically select, review, and synthesize knowledge in a given topic of SE. Traditionally, since the inception of Evidence-Based Software Engineering (EBSE) by Kitchenham et al. (2004) , two types of review studies have been published in the SE community: Systematic Literature Reviews (SLR), and Systematic Literature Mappings (SLM or SM).
With more awareness for GL in SE, recent review studies in SE have started to include GL, e.g., Garousi et al. (2019) . We first discuss the different types of systematic reviews which include GL and then discuss the guidelines to conduct such studies.
To include GL, four new types of review studies have emerged, as discussed by Garousi et al. (2019) : (1) Multivocal Literature Review (MLR), (2) Multivocal Literature Mapping (MLM), (3) Grey Literature Mapping (GLM), and (4) Grey Literature Review (GLR). An MLR is a form of an SLR which includes the GL in addition to the published literature. To clearly distinguish all different types of review studies in SE, we depict the relationship among them in Figure 6 .
As we see in Figure 6 , the differentiation factors of six types of systematic secondary studies are: types of analysis, and types of sources under study. For example, the difference between an MLR and a GLR is that, while the former reviews both GL and published literature, the latter reviews only the GL. The difference between an MLM and an MLR is that, while both analyze GL, the former reviews only classified the pool of sources, the latter synthesizes the evidence from those sources in addition. We looked at recent review studies in SE involving GL. We were able to find 18 such studies as shown in Table 7 . Note that this list only contains the review studies involving GL focusing on SE. There have also been a recent trend on review studies involving GL in other areas of CS, e.g., an MLR on server-less computing by Sadaqat et al. (2018) .
As highlighted in the table, the authors of this chapter have been involved in six (6) of these studies. As it can be seen in the table, there has been a sharp increase in such studies in recent years, as 9 out of 18 papers were published in 2018.
For each of the studies in Table 7 , we also show the number of academic literature (AL) sources, number of GL sources, and percentage of GL sources reviewed in that study. Needless to say, the ratio would be %100 for GLR studies. The ratios, in a sense, denote the scale of AL versus GL knowledge in a given topic. For example, for the topic of involving security in DevOps (DevSecOps), the numbers of AL/ GL sources are 2/50 (a GL ratio of 96%), while in the topic of ethics in requirements engineering, the numbers of AL/ GL sources are 98/34 (a GL ratio of 26%). Grey literature, and grey literature reviews, inevitably have their limitations. Rainer and Williams (2019) identified several challenges with using blog posts in software engineering research. Many of these challenges apply to GL e.g., the vast quantity of GL available, and the variability in the quality of GL. MLRs are one approach to addressing the limitations of GL i.e., by combining GL with AL. As researchers conduct more reviews using GL so the community can develop better guidelines, checklists and methodology for using GL in research.
Recommended Further Reading
The usage of grey literature (GL) in software engineering is strongly related to evidence-based methods and literature reviews in software engineering. 24 Benefitting from the grey literature in software engineering research Kitchenham et al. (2015) provided a comprehensive book on evidence-based software engineering and systematic reviews.
For the main types of systematic literature studies in software engineering, i.e., systematic literature reviews and mapping studies, there are highly referenced guideline papers, such as: guidelines by Kitchenham and Charters (2007) for Systematic Literature Reviews (SLRs), which are also extensively discussed together with background information in the aforementioned book Kitchenham et al. (2015) ; and Petersen et al. (2015) 's guidelines for Systematic Mapping Studies (SMSs). You could perhaps include a citation to Rapid Reviews? However, none of the above guidelines explicitly discuss GL. Garousi et al. (2019) filled this gap and provided guidelines for including GL and conducting Multivocal Literature Reviews (MLRs) in software engineering. Researchers are encouraged to consult those guidelines when planning MLR or other types of studies involving GL. The guidelines for MLRs in SE cover planning, conducting and reporting the review. The step on conducting an MLR comprises guidelines for the search process, source selection, study quality assessment, data extraction and data synthesis. Marsolek et al. (2018) provided an overview of the usage of GL in other fields arts, business, education, health sciences, humanities, multidisciplinary research, natural sciences, physical sciences and engineering, and social sciences. Especially, in health sciences, GL and its analysis is well established and there is even a book by Bonato (2018) on searching the GL.
Conclusion
The goal of this chapter has been to provide an overview to GL in SE, together with insights on how SE researchers can effectively use and benefit from the knowledge and evidence available in the vast amount of GL. We first reviewed the general concept of GL and provide background information. We then discussed the state of GL in SE research, including context, types, diversity and scale of GL in SE research and practice. We then proposed and discussed five approaches for using and analyzing GL in SE research: (1) Analyzing GL materials to answer GLspecific RQs; (2) Using certain GL materials for qualitative studies; (3) Using certain GL materials quantitative studies; (4) Citing GL materials; and (5) Systematic reviews involving GL.
As discussed above and also as indicated in other studies, e.g., by University of New England (2019), the reality is that researchers mostly write for, and read from, scientific papers published in the academic, peer-reviewed literature; and by contrast, practitioners mostly write for, and read from, materials published in the grey literature. By reviewing how GL has been used in SE research, this chapter aims to encourage further use of GL in SE research. We recommend all SE researchers to reduce the gap between academia and industry via using GL materials in the five forms as discussed in this chapter.
